(E)-3-Bromo-1-phenylsulfonylprop-1-ene and (E)-3-iodo-1-phenylsulfonylprop-1-ene both form allylic organozinc reagents that react with aromatic aldehydes to give mainly 4-aryl-4-hydroxy-1-phenylsulfonylbut-1-enes. In contrast, reactions of the same organozinc species with 2-methylpropanal or 3-methylbutanal gave mixtures of diastereoisomeric 4-hydroxy-1-phenylsulfonylalk-1-enes and 4-hydroxy-3-phenylsulfonylalk-1-enes.
Introduction
We have previously reported 1 that the (E)-3-halo-1-phenylsulfonylpropenes 1-3 and the (Z)-1-halo-3-phenylsulfonylpropenes 4 and 5 can be lithiated to give hetero-substituted carbanions. These react with aldehydes to afford products arising from alkylation processes that occur either α-or γ-with respect to the phenylsulfonyl group.
The structures of these products are dependent on the natures of both the halosulfone and the aldehyde. Thus, each of the chloro-compounds 1 and 4 form a common delocalised carbanion any vicinal coupling between its two methine protons supports the anti-stereochemistry that is assigned to it.
The organozinc reagent derived from the bromosulfone 2 also reacted (Scheme 1) with 4-chlorobenzaldehyde to give a mixture of the (E)-and (Z)-γ-alkylated products 13 and 14 in 93:7 ratio, with 3-fluorobenzaldehyde to give (by NMR) a mixture of (E)-15, (Z)-16 (minor) and anti-17, and with 3-methoxybenzaldehyde to give (E)-18 and (Z)-19. No reaction took place when either of 2-methoxybenzaldehyde or cyclohexanone was the electrophile, suggesting that the bromo-sulfone 2 does not form a particularly reactive organozinc species.
Scheme 1.
Reactions of aryl aldehydes with the organozinc reagent derived from the halosulfones 2 and 3.
We also carried out similar reactions using the iodosulfone 3, with benzaldehyde and 4-chlorobenzaldehyde as the electrophiles, but yields were much poorer than when the bromosulfone 2 was employed.
By contrast (Scheme 2), the dominant "normal" regioselectivities observed for each of the above reactions were not seen when aliphatic aldehydes were the electrophiles. In addition, both diastereoisomers of each product bearing two asymmetric centres were produced, in contrast to the outcome when an aryl aldehyde was the electrophile. Thus, isobutyraldehyde yielded the four products 20-23 together with a little of the (Z)-bromide 24 when it was reacted with (E)-3-bromo-1-phenylsulfonylprop-1-ene 2 in the presence of activated zinc. Each of the hydroxysulfones 20-23 was purified by column chromatography. The (E)-and (Z)-γ-alkylated compounds 20 and 21 were easily identified from their NMR spectra, as were the diastereoisomeric anti and syn α-alkylated compounds 22 and 23 which have been previously reported by us.
1 Similar results were obtained using isovaleraldehyde as the electrophile when the homologous γ-alkylated 25 and 26 and α-alkylated 27 and 28 products were formed.
Scheme 2.
Reactions of aliphatic aldehydes with the organozinc reagent derived from bromosulfone 2.
For each of the α-alkylated compounds 22, 23, 27 and 28 the proton adjacent to the hydroxyl group resonates at lower field than expected (the range spans δ 4.1 -4.6 ppm). We have previously observed 1 that this may reflect strong conformational preferences in solution (cf. our X-ray crystallographic analysis 1 of a related compound, which showed no evidence for intramolecular hydrogen-bonding between the hydroxyl and sulfonyl groups in the solid state). We now note that for each of the anti-compounds 22 and 27 there is no vicinal coupling between H-3 and H-4, whereas for the syn-products 23 and 28 large vicinal coupling constants J 3,4 can be measured.
The results that we have obtained are summarised in Table 1 , below, in which the data clearly illustrates the regioselectivity of reaction when aryl aldehydes are used as electrophiles. 3-Phenylsulfonylprop-1-ene 29 was an occasional side product in some reactions of the organozinc reagent derived from the bromide 2. In a control experiment, this was quenched with water to give the α-protonated compound 1-phenylsulfonylprop-2-ene 29 as the only product.
Taken together with the results described above, we conclude that steric factors are dominant in controlling the regioselectivity of the reaction of this reagent with electrophiles.
Conclusions
Organozinc reagents prepared from (E)-3-bromo-1-phenylsulfonylprop-1-ene 2 and from (E)-3-iodo-1-phenylsulfonylprop-1-ene 3 react with aryl aldehydes with good specificity to yield useful phenylsulfonyl-substituted homoallylic alcohols. However, similar reactions with representative aliphatic aldehydes lead to mixtures of regio-and diastereoisomeric products. The bromosulfone 2 gives superior results to the iodosulfone 3 in all of these reactions.
Experimental Section
General. Unless otherwise stated, 1 Melting points (uncorrected) were measured in unsealed capillary tubes using a Stuart Scientific SMP2 digital apparatus or an Electrothermal IA9100 apparatus. Thin layer chromatography was carried out using Merck Kieselgel 60 F 254 0.2 mm silica gel plates. Column chromatography was carried out using Merck Kieselgel 60 (70-230 mesh) silica gel. All solvents were dried and distilled before use. Ethereal extracts of reaction products were dried over anhydrous magnesium sulfate. Combustion analyses were obtained from the Microanalytical Laboratory, University College, Dublin.
(E)-3-Bromo-1-phenylsulfonylprop-1-ene (2). This was prepared as previously described General procedures for generation of organozinc reagents and their reaction with aldehydes Procedure A. Zinc dust was treated 7 with dilute hydrochloric acid and then washed sequentially with water, ethanol, acetone and ether before being dried in a vacuum desiccator. Some of a solution of either of the halosulfones 2 or 3 (2 mmol) and an aldehyde (2 mmol) in benzene (10 mL) was added dropwise, under dry nitrogen, to the purified zinc (10 mmol, 5 equiv.), and the mixture was warmed until reaction was apparent. The remainder of the solution of reactants was then introduced at such a rate that gentle reflux was maintained. After 0.5 h at reflux, the mixture was poured into ice-cold sulfuric acid (10%). The organic phase was separated, and the aqueous phase was extracted with ether. The combined organic phases were then dried and evaporated. Procedure B. Zinc dust (0.6 g, 5 equiv.) was stirred 8 under nitrogen with dibromoethane (70 mg) in dry THF (2 mL) and the suspension was put through a heating-stirring (1 min)-cooling cycle in triplicate. Chlorotrimethylsilane (70 µL) was then added followed, after a few minutes by a solution of one of the halosulfones 2 or 3 (2 mmol) and an aldehyde (2 mmol) in dry THF (5 mL). After 2 h at reflux, the mixture was cooled, diluted with ether and poured into ice-cold sulfuric acid (10%). The organic phase was separated, and the aqueous phase was extracted with ether. The combined organic phases were then dried and evaporated. Poorer results were obtained by using procedure A, when the hydroxysulfone 11 was isolated in 19% yield from the bromosulfone 2 or in 20% yield from the iodosulfone 3.
(E)-4-(4'-Chlorophenyl)-4-hydroxy-1-phenylsulfonylbut-1-ene (13). Using procedure B, the bromosulfone 2 (0.52 g) and 4-chlorobenzaldehyde (0.29 g) reacted to give a crude product (0.51 g) that was chromatographed using ether-hexane as eluant to give an oil (0.38 g, 59%) that ( 1 H NMR) contained (E)-4-(4'-chlorophenyl)-4-hydroxy-1-phenylsulfonylbut-1-ene (13) (93%) and its (Z)-isomer 14 (7%) from which 13 could not be further separated. Reaction of isobutyraldehyde with the organozinc reagent derived from (E)-1-phenylsulfonyl-3-bromoprop-1-ene 2. Using procedure B, the bromosulfone 2 (0.52 g) and isobutyraldehyde (0.14 g) reacted to give an oily product mixture (0.51 g) that contained (NMR) 3-phenylsulfonylprop-1-ene 29 (13%), the sulfone 24 1 (6.5%) and all four of the possible Reformatsky products 20 (37%), 21 (11%), 22 (28%) and 23 (4%). This mixture was chromatographed (EtOAc/n-hexane) to afford pure samples of each of the latter products.
(E)-4-Hydroxy-5-methyl-1-phenylsulfonylhex-1-ene (20 Reaction between isovaleraldehyde and the organozinc reagent derived from (E)-1-phenylsulfonyl-3-bromoprop-1-ene 2 Using procedure B, the bromosulfone 2 (0.52 g) and isovaleraldehyde (0.17 g) reacted to give an oily product mixture (0.51 g) that contained (NMR) 3-phenylsulfonylprop-1-ene 29 (9%), the sulfone 2 (3.5%) and all four of the possible Reformatsky products 25 (25%), 26 (12.5%), 27 (28%) and 28 (20%). This mixture was chromatographed (EtOAc/n-hexane) to afford pure samples of each of the latter products. Protonolysis of the organozinc reagent derived from the bromosulfone 2. A solution of the bromosulfone 2 (0.52 g) in dry THF (4 mL) was added to zinc dust (5 equiv.), activated as described under Procedure B above. The mixture was refluxed during 2 h and then quenched with dilute sulfuric acid to yield an oil (0.45 g) that contained (NMR) a 50:50 mixture of the sulfone 2 and 3-phenylsulfonylprop-1-ene 29.
